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PREFACE 


Tilts  is  the  second  revision  of  the  original  paper  on  "Optimizing 
Blast.  Shelter  Programs,"  Hi ~302~DP ,  whicn  with  some  changes  also  appears 
as  a  contribution  to  Project  Harbor. 

The  major  revisions  are  contained  in  the  later  sections  in  which  are 
developed  costs  and  effectiveness  of  blast  shelter  programs  coupled  with 
partial  dispersal  of  population  from  some  of  the  more  congested  city  areas 
and  with  possible  "overcrowding"  of  the  shelters. 

it  is  hoped  that  this  paper  will  provide  a  reference  from  which  the 
costs  and  effectiveness  of  possible  alternative  blast  shelter  programs 
can  be  taken,  in  this  way  it  should  be  of  value  not  only  to  the  Office 
of  Civil  Defense,  but  a’so  to  other  elements  of  the  defense  establishment, 
and  in  particular,  should  be  useful  for  the  study  of  combined  active  and 
passive  defense  systems. 


ACKNOWLEDGEMENTS 


Historically  the  approach  of  this  paper  was  paralleled  by  a  comple¬ 
mentary  effort  of  H.  Kahn,  which  appears  ini t’ ally  in  HI-202-FR.*  Much  of 
the  stimulus  for  this  effort  derived  from  discussions  with  Kahn  who  also 
contributed  valuable  suggestions.  Dr.  Fred  Rockett  provided  a  patient 
"sounding  board"  during  the  development  of  the  subject  matter.  John 
Devaney  of  the  OCD  deserves  a  medal  for  tolerating  several  presentations 
of  this  material  with  great  patience  and  for  his  steady  encouragement. 
Lloyd  Woodward  cf  the  OCD  was  kind  enough  to  read  a  draft  of  this  paper 
with  great  care  and  offered  many  useful  criticisms. 


*$ee  Reference  4, 


BEST  AVAILABLE  COPY 


BEST  AVAILABLE  COPY 


SilHHARV 


Hi 


r  ,::-er  dtsv®loos  a  ms-thematlc*!  mode!  from  which  the  eo*t  of  * 
j*5t  she  I  ter"  prt^refi'.  for  the  213  urban  I  red  arce*  .of  the  U.Sv.  ■  • 
■/**tqdl  end  fres*  which  the  effect! veftb**  of  the  program  In 
i«st ‘protection  for  the  urban  cltlsans  can  fee  quickly  tawf* 
by  titUlzIno  tbs  tries  of  equalizing  the  value  of  ell  urbm 
•nr get*  {fro®  the  enemy  point  of  view),  (•). denies  the  enemy 
rad  -targets*  fro®  the  point  of  view  of  population .^sdftftl It 1.*®. * 
/vide*  an  'Important  kind  of  equality  of  .population  vulnerafo 1 >1  ty  • 
,-ban  areas/  for  any  given  budget  the  funds  spent,  for- protecting 
i/  8  njore  congested  area .would  be  somewhat  greeter  then  tor  those 
"••anted  cross  which,  normally*  would  be  a  less  I  Ifeety.  terget. 

point  of  vie*,  it  is  believed  that  the.  design,  he*, the  ad*  . 
Vtntmlzinu  the  nuasfee r  of  blast  fatal  ! tie*  which  *ft  ei^;cw3 
:>d  thefeby^eao  contribute  to ■  the  reduction  of.. 

,.  ^  large  extent  the  basic  design  !&  Independent  of,, the 


•ra  assured  attack,  although  this  I*  lea*  true  or  the  l 
>,ieh  In  valve  the  use  of  partial  dispersal  and  crowd  log 


it  rs- 


t h cc -i ’  osscct ! ct  b I v. :■  r r c/*-  ^ -* cc  sn  lu? 

...•»*  that  shelters  arc  to  be  built  In  areas  wfefere  ,fche 
•  )y  resides;  these  «re:  v;  ^  -  /.  "  v, 

U  mathematical  relationship  between  blest  dverpresdui'e 
-  from  any  nuclear  oxplos  ic’s? 

i«t Ion  dons Ity  distribution  within -Aho 
»nd  .,  ( . 

S'''s  '©st  I  ms*  ted  'cost  of  shelter*  #*■  "b  fucMSfctdn 


i}f  above  three,  factor?,  is  ...,., 

! » 'cult hew&i leal  f or j$ , .  end  t he  resu 1 1* 
terobt t va •  net Iteoa*  programs  fo**,£bs 
urban  Is  ad  sross  fo 


I  v<>- 


/'/-tit  of  iira 


t?Vic;  s  ts  prcscotad  la  ? 

'-fit f Ivisn  ■  <  for  any  attnsk,*sp** 

of  hi  net 

// 


Sllfffe 

v 


>*  blast 

;.•&  Ji^eUoo 


•■-//■• 


u^jK. 

.  :*WS'; 


&;,iS |  g  '„*«  «r  -Y  %>'}%  *  «V  *  '  ‘ 


,1 


BEST  AVAILABLE  COPY 


I  j  *  vv 


ion  for  sally  dispersing  tf*o  pKOpufatlon  of 
d  HI  ©rial  fc-nnevitf »!  effects  'eon  .fee  v*t 

jt’.-j* 


mit&r&  In  the .  very  congested 


its*  itfs 

qwlresfient  f for  ■  ^  y  fc.&ra  . .  . 

ived,  •«•  r^yl'row-ftt  wblcr**  I  ft  many  coses,  nslght  fee  feayond 
feel  capability.'  Secondly.  &ine®  fch#  cost  of  'sheltering 

..£'*  •  «  -  -•'  w  *  .  «.  .  /.  .  _  If,  *  ....  *  *  .  _  ft  . 

,  *5> 


■,:v  ;«>: 


»r  r»r»j  s  is  substantially  |«m  than  that  w! thin 
Ifytfe  total  budget  for  stole*?  obstruct  Ian  Is  hsH  con- 
{^lt^  c^'N.«ini«d  to  obtain  « fetor  {«)  substantial 
%"®w  cost-  of  s’ ^rcaron  oil  Msdn$  *  given  vulnerability,  or 
enfial  fficr«s$e  In' .she  degree  of  protection  vjfelch  Is  obtain* 
«$v*-r«  ih  -Pleura  I.  stow "that  for  e  gjUr  *«”*»** 

und  8  $&>* 


ill  *  I  '•[  [  '-T  wr  i 

.  __  jss„  Ih  Figura  |f  stow  * 

?  i  tv.yt©  blest  &*m  be  reduced  feeiwsen 


rget 


the 


ri««|»1on  of  costs :hi*v®.  3  implicitly  assumed  6  to  10 
■*« &' ts  'study  Indicates  that  this; ail 
/Sly  e«4if  t«d  'm$  Khm  by  the 

pf0^r«Ki-..c»n  again  iwfcistiitliMy  fee  reduced  Cor,  at' 

.  to.  vyifeer^M  1 1  fey  sen  fee  reduced),  Se?r*  results  based  of 
^rs&fdlhg  cf*l,  thes^n  In  figure  gy  oosifeining  fa)  optimized 

}  ova- 'orchid  tog,  'the  figura 


,  £- 


-4i#|^r§*tU'  e«ig  v$J  fch#  figure  suggests  that 

;; '.feiSst  prPtpctlon'  can  fee-  obtained  nationally  at  *  cost  -between 


fill  i  ion* 


’.  O 


•Jr  S’;- 


(> 


i 


■//■ 


THE  DESIGN  AND  PERFORMANCE  OF  "OPTIMUM"1 
BLAST  SHELTER  PROGRAMS 


!  rtfc  roduct  i  on 


There  are  two  words  which  even  many  enthusiasts  fur  civ;!  defense 
tend  to  avo?d--evacuation  and  blast  shelters.  The  first  has  an  unpleasant 
memory  because  it  is  associated  with  the  abandoned  survival  plans  of  the 
mid-fifties  which  anticipated  evacuation  of  untrained  populations,  with¬ 
out  special  preparations  or  professional  cadres,  upon  tactical  warning 
given  by  the  DEW  line.  This  concept  soon  became  obviously  impractical 
because  of  the  development  of  the  ICBM  and  the  MT-weapon-  However,  in 
other  documents  (Refs.  3.*0  we  have  argued  that  various  kinds  of  move¬ 
ments  of  people  could  play  an  important  role  In  crises  (e.g.,  in  a 
strategic  warning  situation  when  The  New  York  Times  rather  than  radar 
reflections  or  a  secret  agent  gives  the  warning). 

"B!  ast  shelters"  have  had  a  bad  connotation  for  a  different  reason. 
They  are  often  associated  with  "fanatics"  who  want  to  do  too  much.  We 
do  not  wish  to  enter  into  an  extensive  discussion  of  the  pro's  and  con's 
of  a  blast  shelter  program  In  this  paper.  It  Is  Indeed  a  controversy 
whose  resolution  will  depend  upon  many  strategic,  political,  aid  technical 
factors.  However,  we  have  found  that  there  Is  a  better  general  under¬ 
standing  of  the  con's  than  of  the  pro's.  Therefore,  it  seemed  to  us  to 
be  desirable  to  start  by  considering  clarifying  some  of  the  basic  as¬ 
sumptions  Indicated  in  the  table  below. 

Each  assumption  In  the  table  is  either  believed  to  be  reasonable 
now  or  that  it  can  be  made  reasonable.  If  this  is  true,  then  some  of 
the  current  arguments  against  blast  shelters  are  at  least  partly  mis¬ 
leading.  However,  even  if  the  favorable  assumptions  are  correct, 
reasonable  analysts  might  still  argue  against  such  programs  because  of 

*The  discussions  in  these  chapters  are  not  always  rigorous,  comple t e , 
or  carefully  hedged.  We  should  probably  note  that  technically  the  word 
"optimum"  In  the  title  is  misleading.  In  fact,  systems  analysts  should 
rarely  use  the  term,  optimum,  to  describe  a  policy  choice.  They  generally 
use  some  such  term  as  '^referred"  indicating  only  that  they  do  not  know 
of  any  other  system  which  Is  clearly  more  preferable.  However,  using 
the  term  "optimize"  does  simplify  our  exposition  and  since  oiir  purpose 
here  Is  heuristic  it  seems  appropriate  to  use  the  word. 
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technical  uncertainties,  cost,  imago,  social  impact,  or  arms  race  con¬ 
siderations.  A  future  decision  may  rest  as  much  or  more  on  other  motives, 
values ,  or  assumptions  than  those  discussed  here.  But  an  amplification  of 
the  assumptions  below  should  help  clarify  the  discussion  and  debate. 


TABLE  1 


icit  Assumptions 


FACTOR 


OUR  ASSUMPTION 


I.  Cost  estimates 


Allocation  and  distri 
bufcion  of  shelter 


Based  upon  mass  procurement ,  research 
and  development,  and  intelligent  design 

Some  reasonable  "optimization"  process 
is  foil  owed 


3 .  %  occupancy 


Size  and  character  of 
attach 


5.  Damage  mechanisms 

6.  Shelter  discipline  and 

viahi 1 i ty 

7.  Postattack  or  postwar 

rescue  and  survival 


Emphasizes  Beta  and  Gamma  type  scenarios 
(see  Reference  4)  in  the  evaluation 

As  in  3  above  plus  "reasonable" 

assumptions  about  Soviet  procurement 
pol i cy 

Blast  overpressure  is  critical 

As  Indicated  by  recent  OCD  studies 


Sensible  planning  and  location  of 
shelters  and  other  reorganization 
plans  and  preparations 


Seven  Explicit  Assumptions 

I.  Cost:  Most  current  cost  estimates  are  based  on  the  price  that 
would  be  charged  by  a  local  private  contractor  who  has  been  commissioned 
to  build  one  or  possibly  a  few  shelters.  It  Is,  of  course,  possible  that 
If  a  mass  shelter  program  were  procured  in  the  United  States,  that  the 
actual  cost  would  be  even  higher  since  competition  for  labor,  supplies, 
and  even  contractors  might  drive  the  costs  up;  there  are  also  other  effects 
which  might  Increase  the  cost  over  today’s.  However,  we  also  believe  that 
a  properly  designed  mass  shelter  program  might  be  possible  at  half  the 
cost  of  normal  contracting.  The  major  notion  is  that  we  should  go  to 
firms  such  as  "General  Electric"  or  "General  Motors"  for  our  shelters 
rather  than  to  Individual  contractors.  Almost  all  current  construction 
In  the  United  States  is  necessarily  tailor-made.  There  is  very  little 
research  done  because  the  cost  of  such  research  has  to  be  amortized  over 
a  single  project,  and  there  is  relatively  little  use  of  specialized  and 
very  expensive  equipment,  because  generally  such  equipment  is  difficult 
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to  transport  and  has  to  be  amortized  over  a  small  number  of  Jobs.  We 
have  made  some  preliminary  Investigations  Into  the  use  of  expensive 
(a  half-million  dollars  and  up  per  Item)  equipment  In  the  use  of  con¬ 
struction  of  shelters  and  believe  that  such  possibilities  as  the  use 
of  Le  Tourneau  permanent  forms  or  the  mass  casting  of  concrete  on  the 
ground  (which  Is  then  subsequently  cut  apart  and  moved  to  the  site)  and 
other  techniques  could  be  used  to  cut  the  cost  of  shelters  sharply. 

The  actual  costs  assumed  in  this  chapter  are  given  b  the  equation: 

C  «  50  +  20  V  P  ,  (dollars  per  shelter  space) 

where  P  Is  the  overpressure  design  point  of  the  shelter.  As  discussed 
later  In  the  chapter  we  believe  this  equation  is  conservative,  if  there 
is  a  mass  procurement  program  based  on  a  large  research  and  development 
effort.  (For  example,  if  we  are  talking  about  spending  about  $20  billion 
on  shelters,  it  would  be  reasonable  to  spend  up  to  a  billion  dollars  or 
even  more  for  prior  research  and  development  to  Increase  our  ability  to 
put  the  program  In  rapidly  as  well  as  bringing  down  costs.)  The  estimates 
represented  by  the  above  equation  do  not  take  account  of  such  possible 
savings;  they  are  simply  at  the  medium  level  of  what  could  be  expected  of 
contractors  today. 

One  must,  of  course,  always  allow  for  the  possibility  that  these 
potential  savings  will  be  offset  by  the  well-known  experience  In  defense 
procurement  that  early  engineering  estimates  have  a  habit  of  understating 
subsequent  costs.  There  also  may  be  Internal  political  and  social  diffi¬ 
culties  in  circumventing  normal  construction  techniques. 

2.  Al location:  We  also  assume  that  the  allocation  and  location  of 
different  levels  of  protection,  as  well  as  the  construction  techniques, 
will  be  determined  mostly  by  technical  and  professional  considerations 
and  not  by  local  political  or  bureaucratic  constraints.  Thus,  each  “opti¬ 
mum"  blast  shelter  program  to  be  described  assumes  an  array  of  shelter 
sizes  and  hardnesses  which  are  built  and  allocated  In  a  manner  which 
tries  to  get  "maximum"  protection  per  dollar  spent.  Thus  the  program 
also  assumes  that  there  will  not  be  sizable  or  very  difficult  problems 
in  siting  according  to  the  design  criteria.  In  some  programs  there  will 
be  requirements  for  partial  dispersal  or  other  movement  of  residents 
from  some  of  the  more  congested  areas.  It  is  assumed  that  such  movements 
can  be  carried  out  without  any  unusual  difficulties. 

3.  Per  Cent  Occupancy:  There  Is  a  widespread  belief  that  shelter 
programs  must  be  designed  so  that  the  population  can  be  protected  with 
only  a  few  minutes  warning— certainly  less  than  fifteen.  It  has  been 
argued  cogently  in  a  number  of  documents  (references  3  end  4)  that  the 
warning  requirement  for  a  shelter  program  need  not  be  based  on  a  15  minute 
reaction  but  that  hours  or  even  days  Is  more  reasonable  for  the  "Interesting" 
range  of  threats.  That  Is,  when  one  considers  the  complete  range  of  pos¬ 
sible  future  wars,  recent  Informed  judgment  seems  more  and  more  to  accept 
the  thought  that  within  this  range  nearly  all  the  possible  attacks  would 
be  those  In  which,  through  a  combination  of  strategic  and  tactical  warning, 


4 


HI-36I-RR/2 


the  time  to  take  shelter  would  be  quite  substantial  (from  several  hours 
to  several  days  or  even  weeks).  Indeed  it  has  been  argued  that  even  in 
most  of  the  exceptions,  for  example  wars  which  might  begin  with  an  un¬ 
suspected  enemy  strike  against  the  Zl,  in  most  of  the  country  the  popu¬ 
lation  centers  would  not  be  targeted  by  the  first  missile  wave,  since 
it  generally  would  be  to  an  enemy's  advantage  to  damage  the  quick-reacting 
military  targets  first.  Thus  it  appears  that  in  the  large  proportion  of 
possible  attacks  there  would  be  both  strategic  and  tactical  warning  aval  la- 
ole  for  the  country  and  that  in  almost  any  case  a  large  portion  of  the 
population  could  expert  to  receive  at  least  a  significant  amount  of  tactical 
warning  (hours)  which  could  provide  sufficient  time  for  reaching  shelter. 
This,  of  course,  would  not  be  true  for  all  possible  scenarios.  A  desirable 
basic  concept  is  that^  wherever  it  is  inexpensive  to  do  so,  we  should  try 
to  get  a  capability  for  protecting  people  on  a  few  minutes  notice,  but 
we  should  not  be  willing  to  let  costs  Increase  by  much  more  than  5  or 
10%*or  performance  to  go  down  in  Beta-3  and  Gamma-type  scenarios, in 
order  to  get  improved  performance  for  the  Alpha  or  Beta- I  type  scenarios.1 

V/e  also  assume  that  much  of  the  ?nfo*%ration  and  training  that  the 
population  would  need  can  be  disseminated  during  the  crisis  period.  That 
is,  while  we  specif ically  wish  to  design  the  program  to  have  some  reasonable 
capability  with  completely  untrained  and  uneducated  populations,  we  believe 
this  would  be  far  less  than  the  best  that  could  be  achieved.  This  reduction 
of  completed  capability  Is  deliberately  accepted  in  order  not  to  impose  re¬ 
sponsibility  for  peacetime  civil  defense  preparations  upon  the  average  civ¬ 
ilian.  (However,  It  should  not  be  difficult  to  educate  children  by  Intro¬ 
ducing  civil  defense  practices  Into  schools  even  in  normal  times.)  During 
a  crisis  period,  as  discussed  in  Reference  3,  a  large  number  of  techniques 
are  available  to  get  the  information  out  rapidly.  And,  of  course,  if  the 
government  ever  actually  does  decide  to  spend  several  billions  or  tens  of 
billions  of  dollars  on  shelter  programs,  then  this  fact  should  make  others 
take  it  seriously.  It  Is  to  be  expected  that  the  response  of  the  average 
American  will  be  one  of  acceptance  and  cooperation. 

k.  Size  and  Nature  of  the  Attack:  Probably  the  largest  uncertain¬ 
ties  involve  this  question.  We  mentioned  earlier  that  most  people  in  the 
late  '50's  who  tried  to  estimate  the  kind  of  missile  attack  the  United 
States  might  face  in  the  early  '60's,  assumed  that  there  might  be  hundreds 
of  Soviet  missiles  when,  according  to  various  reports,  the  Soviets  only 
had  tens.  On  the  other  hand,  the  Soviets  did  procure  hundreds  of  IRBM's. 
This  might  have  been  due,  as  much  as  anything  else,  to  a  lag  in  Soviet 
doctrine.  If  this  Is  true,  it  must  also  be  realized  that  other  future 
lags  and  Inefficiencies  are  also  possible.  In  addition,  the  Soviets  today 
seem  to  be  extremely  pressed  for  funds  for  capital  Investment  to  raise 
their  standard  of  living  and  to  keep  up  their  rate  of  growth.  Thus  while 
It  Is  perfectly  possible  for  them  to  build  a  very  large  missile  force  as 
In  the  Alpha  or  Beta- I  scenarios  ano  launch  all  or  a  major  oortion  of 
tht-se  forces  at  civilian  targets.  It  Is  also  quite  possible  that  their 
forces  could  be  smaller  and/or  used  with  some  restraint. 

I  See  Reference  4,  pp.  140-147  for  discussion  of  these  scenarios. 
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If,  this  respect,  we  might  also  take  note  of  the  history  of  prepa¬ 
rations  for  conventional  warfare  In  Europe.  For  many  years,  there  was  a 
systematic  overestlmatlon  of  the  Soviet  capability  (175  divisions),  one 
so  large  as  to  make  It  seem  that  even  major  efforts  by  the  Europeans 
would  be  useless  In  the  face  of  the  overwhelming  threat.  Today,  we  are 
now  willing  to  argue  that  even  current  MATO  forces  In  Europe  might  be 
about  a  match  for  the  current  Soviet  forces  that  are  actually  available. 
(For  example,  see  Reference  5*) 

In  any  case,  no  matter  what  the  Soviet  preparations  are,  there  are 
always  a  range  of  possible  wars  In  which  the  attacks  would  not  be  totally 
devastating.  For  example,  can  we  design  a  blast  shelter  program  In  which 
no  more  than  20%  of  the  people  might  be  blast  victims  of  a  3000  MT  counter¬ 
city  war.  While  an  urban  attack  ten  times  this  size  would  completely  over¬ 
whelm  the  system  our  judgment  must  be  that  this  kind  and  size  of  war  would 
be  extremely  unlikely. 

5.  Damage  Mechanisms:  We  rely  here  on  the  Effects  of  Nuclear 
Vteapons  (Reference  2)  and  other  publ I  cat  ions. '  We  have  taken  account 

of  the  major  damage  mechanisms  and  be 1  love  that  It  is  not  likely  that  the 
ones  we  have  not  thought  of  will  prove  to  be  serious,  it  is  assumed  that 
people  not  casualties  of  the  prompt  nuclear  effects  have  been  provided 
sufficient  supplies  and  protection  to  avoid  the  dangers  of  the  intense 
radiation  threats  of  the  first  few  weeks. 

6.  Shelter  Discipline  and  Viability:  Depending  on  the  details  of 
the  war  and  the  variation  of  events  at  different  locations  the  necessary 
occupation  of  blast  shelters  could  vary  anywhere  from  less  than  a  day  to 
more  than  two  or  three  months.  We  will  start  by  assuming  that  existing 
research  by  the  0C0  on  the  ability  of  people  to  stay  tn  shelter  for  lengthy 
periods  can  validly  be  extrapolated  to  the  wartime  situation  and  that  we 
.would  not  experience  any  unusual  difficulties  beyond  our  ability  to  antici¬ 
pate  and  calculate.  We  would,  for  example,  assume  from  the  research  that 
food  and  water  resources  can  be  shared  equitably  and  rationed  lintel  I  (gently 
during  the  shelter  stay  and  that  psychological  and  social  problems  would 
create  discomfort  and. I rrltatton  but  not  increase  the  casualties  by  a  targe 
amount . 

'  i 

7.  Postattack  and  Postwar  Rescue  and  Survival;  We  refer  here  less 
to  the  common  image  of  individuals  trapped  beneath  collapsed  buildings 
than  to  our  postattack  ability  to  get  people  out  of  shelters  to  more 
permanent  and  viable  locations, or  in  getting  additional  supplies  to  people 
In  shelters  when  they  have  to  stay  there  for  a  lengthy  period.  That  Is, 
even  if  the  shelter  occupants  survive  all  of  the  Immediate  weapons'  effects, 
there  remains  the  problem  that  some^ fraction  of  these  shelters  Wilt  be 
isolated.  Some  may  be  covered  by  rubble  caused  by  the  collapse  of  hearby 
buildings,  trees,  etc.,  or  the  roads  to  the  shelters  may  be  blocked.  In 
effect,  this  Is  a  postattack  reorganization  and  rescue  problem  that  could 

be  much  affected  by  the  preparations  made  to  anticipate  these  problems* 

In  particular,  they  are  probably  sharply  affected  by  the  actual  location 
of  the  shelters.  Here  again,  appealing  to  our  notion  that  people  would 

iFor  example,  see  Project  Harbor  draft  report. 
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usually  be  able  to  move  at  least  small  distances  before  the  attack,  we 
would  argue  that  the  shelter  locations  should  be  chosen  with  an  eye  to  the 
possibility  of  postattack  and  postwar  rescue  and  aid,  as  well  as  the  normal 
location  of  population.  In  other  words,  we  would  advocate  consideration 
be  given  to  the  placement  of  blast  shelters  along  major  highways,  in  the 
outskirts  of  downtown  areas,  or  generally  in  places  which  are  unlikely  to 
be  blocked  by  debris. 

We  wl U  not  discuss  here  the  problem  of  survival  after  the  initial 
postattack  period,  i.e.,  the  problem  of  recuperation  and  reconstruction. 
This  question  Is,  of  course,  quite  critical  as  it  would  do  little  good  to 
protect  people  If  they  cannot  survive  in  the  postwar  world.  But  it  is 
also  clear  that  current  hypothesis  that  one  cannot  survive  in  a  postwar 
world  is  ,!theory"--as  opposed  to  the  also  theoretical  but  much  firmer 
notion  that  one  Is  more  likely  to  survive  the  immediate  effects  of  the 
war  if  he  is  in  a  100  psi  shelter  than  If  he  Is  not. 
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THE  MODEL 


Assumptions  In  the  Calculations 

A  number  of  simplifying  assumptions  will  be  made  in  cur  model  which 
are  believed  to  be  reasonably  consonant  with  reality.  These  are: 

1.  That  the  cities  are  large:  this  means  that  only  a  small  area 
or  fraction  of  the  sheltered  population  are  vulnerable  to  a  single 
weapon.  (This  assumption  can  be  eased  somewhat  as  shown  in  the  later 
discussion.) 

2.  That  the  sheltered  population  is  distributed  "smoothly"  over 
the  city  (that  is,  the  population  density  varies  relatively  slowly), 
approximately  in  proportion  to  existing  residential  densities.  (The 
utility  of  relocating  a  portion  of  the  population  during  the  shelter¬ 
taking  period  will  be  discussed  separately — see  section  on  "Small  Cities.") 

3*  That  the  sheltering  policy  is  (a)  one  of  minimizing  (on  a  national 
basis,  for  any  given  budget)  the  expected  number  of  blast  mortalities 
from  attacks  which  are  designed  to  maximize  casualties  in  full  knowledge 
of  the  shelter  program;  and  (b)  one  which  attempts  to  remove,  by  program 
design,  preferred  population  targets  from  a  malevolent  enemy. 

4.  That  for  analytical  purposes  a  "cookie-cutter"  definition  of 
blast  resistance  is  satisfactory  (e.g.,  a  100-psi  shelter  collapses  at 
100.1  psi  and  is  undamaged  at  99.9  psi). 

5.  Very  good  fallout  protection  (PF  -  500)  would  be  available  to  the 
rural  population  not  protected  by  blast  shelters.  The  cost  of  this  fall¬ 
out  protection  Is  not  Included  in  our  calculations. 

6.  A  final  assumption,  which  Is  seemingly  more  arbitrary  than  the 
others,  and  which  is  made  here  without  proof  or  even  discuss  Ion  *  Is  that 
the  optimum  distribution  of  shelters  is  related  to  the  proper  choice  of 
two  design  parameters ,  and  p,  where: 

od  c  maximum  number  of  dollars  that  would  be  spent  to  provide 
shelter  for  one  citizen. 

=  a  specified  level  of  blast  vulnerability  to  a  I -MT  weapon. 

Any  target  that  would  otherwise  yield  more  than  P  lives 
to  a  1-MT  weapon  Is  protected  (subject  to  the  above  OC. 
limit)  until  the  P  criterion  Is  met. 

In  principle,  for  any  given  total  budget  both  &C.  and  @  can  be 
determined,  the  shelter  system  can  be  designed,  and  the  approximate 
vulnerability  to  various  optimized  attacks  calculated. 

1 A  more  rigorous  description  of  the  "optimization"  technique  and  some 
of  the  caveats  will  be  discussed  in  a  forthcoming  Hudson  Institute  report. 
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Required  Protection 

Assumption  6  Introduces  a  criterion  for  sheltering  the  general  popu¬ 
lation  which  removes  from  the  enemy  most  especially  attractive  targets, 
in  terms  of  expected  mortalities.  This  criterion  results  in  a  program 
which  is  designed  to  restrict  the  mortalities  In  a  lethal  area.  A,  re¬ 
sulting  from  the  explosion  of  a  "standard"  1-MT  bomb  against  a  sheltered 
population  of  quas i -constant  density,  P  t  to  satisfy  the  relationship, 

where  p  is  the  chosen  design  criterion  for  vulnerability.  (Then, 
by  virtue  of  the  scaling_laws ,  from  a  bomb  of  W-MT  the  total  number  of 
mortalities  would  be  =  pW2/3.)  This  suggests  that  we  might  be  able  to 
determine  for  each  local  population  density,^,  a  sheltering  hardness, 

P,  such  that  the  above  equation  would  be  satisfied. 

The  requirements  for  such  a  program  ere  shown  in  Figure  I,  which 
plots  the  needed  blast  protection  as  a  function  of  hppulation  density  for 
a  "typical  case"  In  which  the  vulnerabi 1 1 ty,  {3  ,  is  taken  to  be  20,000 
per  l-MT  bomb.  It  Is  seen  from  the  figure  that  the  sheltering  require¬ 
ments  are  somewhat  different,  depending  upon  whether  one  is  considering 
a  groundburst  or  an  airburst  attack.  However,  a  reasonable  linear  approxi¬ 
mation  of  the  two  cases  is  given  by  the  formula, 

P  -  *50  f/fi  0) 

(the  formula  using  P  ■  160  fy&  Is  a  better  representation  of  the  optimum 
airburst  case,  but  we  have  cnosen  to  use  an  equation  more  representative 
of  both  cases).  The  figure,  drawn  from  data  in  Effects  of  Nuclear  Weapons, 
shows  the  results  up  to  200  psl.  it  would  be  reasonable  to  extrapolate 
the  approximation  to  about  300  psl .  However,  above  300  psi  a  significant 
divergence  from  a  linear  approximation  appears  because  in  this  range  the 
relationship  between  overpressure  and  distance  is  given  approximately  by 
Pr3  ■  const,  (while  the  formula,  P  *  150  I7p  ,  Is  equivalent  to  a  relation¬ 
ship  Pr*  -  const.).  In  this  paper  we  will,  as  a  first  approximation,  ignore 
this  300-psl  limit,  anticipating  that  a  realistic  program  would  not  involve 
many  shelters  much  above  this  degree  of  protection.  (That  is,  the  error 
Introduced  info  the  subsequent  estimated  cost  of  a  national  program  will 
be  smal I .) 

It  should  be  noticed  that  P/@  is  the  interesting  parameter  in  Figure 
I.  If  we  had  changed  the  scale  to  show  a  population  density  of  twice  that 
In  the  figure,  then  we  would  get  the  same  curve  by  choosing  the  criterion, 
/S,  twice  as  great,  or  in-this  case  40,000  per  1-KT  bomb.  Thus,  after 
choosing  any  particular  P,  the  axes  can  be  rescaled  to  read  directly  the 
required  P  for  any  density,^. 


Shelter  Costs 


A  shelter  program  which  aims  at  optimizing  the  amount  of  protection 
for  a  given  budget  requires  some  information  about  the  cost  of  the  shelters 
as  a  function  of  their  hardness.  It  is  clear  that  other  considerations 
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would  also  affect  shelter  costs,  considerations  such  as  the  condition  of 
the  soil,  the  actual  shelter  capacity,  the  number  of  square  feet  allowed 
per  person,  the  chosen  design  for  the  shelter,  etc.  We  have  shown  In 
Figure  2,  six  analytic  curves  which  purport  to  relate  cost  to  shelter 
hardness.  Five  are  linear  and  one  is  non-linear.  All  of  the  curves 
could  be  justified  under  various  assumptions,  but  the  cost  curve  (In 
dollars  per  shelter  space) 

C  =  50  +  20  (2) 


w III  be  chosen  for  our  analysis  In  this  paper.  It  is  based  on  some  Hudson 
Institute  research  on  estimated  costs  of  shelters  (Reference  7).  It  esti¬ 
mates,  for  example,  that  100-psl  protection  costs  $250  per  shelter  space 
and  for  large  shelters  is  conservatively  consistent  with  both  research 
estimates  and  existing  experience.  These  estimates  take  account  that  the 
average  cost  of  a  shelter  of  any  given  psl  will  vary  according  to  the  size 
and  special  conditions  under  which  the  different  psl  shelters  are  likely 
to  be  Installed.  A  comparison  of  the  chosen  curve  with  the  costs  estimated 
by  Project  Harbor*  is  given  In  Figure  3*  Should  future  cost  estimates 
be  changed,  the  calculations  can  easily  be  amended.  In  any  event,  either 
the  linear  or  square-root  relationship  can  be  readily  handled. 


Figure  4  Is  a  plot  of  required  shelter  hardness  as  ft  function  of 
population  density,!0,  for  various  criteria  ranging  from  P  *  1,000  to 
p  =  80,000.  The  population  density  ranges  up  to  36,000  (per  square  mile) 
which  should  be  sufficient  to  cover  all  parts  of  the  U.S.  with  the  ex¬ 
ception  of  some  central  parts  of  Mew  York  City.  For  reference  Table  2  shows 
the  average  population  density  of  the  larger  central  cities  of  the  United 
States . 


We  can  represent  the  cost  of  each  shelter  space,  C,  In  terms  of 
and  p  ,  by  putting  together  the  two  equations  above  to  yield  the  result: 

C  »  50  +  26  (150 fX/S  ),/2  (3) 

It  should  be  clear  from  equation  (3)  that  if  we  can  specify  both  @  and 
the  density  distribution  of  the  sheltered  populat ion, the  total  cost  of  a 
program  could  be  determined  by  adding  up  the  costs  of  all  the  required 
spaces.  (We  will  Introduce  the  OC.  parameter  later  as  an  arbitrary  limit 
on  the  maximum  cost  per  shelter  space.) 


Population  Distribution 

In  order  to  apply  equation  (3)  above,  to  the  calculation  of  the  cost 
of  a  national  program,  it  will  be  necessary  to  determine  the  population 
density  distribution  of  the  U.S.  Table  2  indicates  some  of  the  data  about 
population  which  is  available  from  census  material  (see  Reference  I). 

This  data  Is  somewhat  coarse,  since  the  density  of  population  is  averaged 

*See  Project  Harbor  report  (draft). 
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TABLE  2 

POPULATION  AND  DENSITY  OF  U.S.  CITIES  (i960)* 


Residents 


per  sq.  ml. 
(thousands) 

Central 

Cities  Only 

Population 

(millions) 

Subtotal 
(mill  Ions) 

23.3 

N.Y.,  Newark 

8.74 

15.4 

Phi ladelphla 

2.00 

15.4 

T'renton 

.11 

14.6 

Boston 

.70 

12.9 

Chicago 

3.90 

12.9 

Charleston 

.07 

12.4 

Washington 

.76 . 

_ 16.23 

12.3 

St.  Louis 

.75 

12.0  * 

Detroit 

1.67 

11.9 

Baltimore 

.94 

11.6 

York 

.05 

11.2 

Pittsburgh 

.60 

11.0 

San  Francisco 

1.11 . 

,...21.35 

10.8 

Cleveland 

.88 

10.8 

Providence 

.29 

10.4 

Harrisburg 

.08 

10.2 

Reading 

.10 . 

....22.70 

9.3 

Hartford 

.16 

9.2 

WMkesbarre 

.06 

8.7 

Bridgeport 

.16 

8.7 

Rochester 

.32 

8.6 

Syracuse 

.22 

8.5 

Miami 

.29 . 

...23.91 

8.4 

New  Haven 

.15 

8.1 

MI  Iwaukee 

.74 . 

...24.80 

7.3 

Minnesota  Class  A  (>  1M) 

.80 

6-8 

7  cities  Class 

B  (1/2- 1M) 

3.10 

6-8 

7  cities  Class 

C  (1/5-1/2M) 

1.26 

6-8 

3  cities  Class 

D  (1/10-1/5M) 

.31 . 

...30.27 

*  See  Reference  1 
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over  the  entire  central  city,  an  area  too  large  for  our  purposes.  However, 
we  can  use  this  data  together  with  an  examination  of  some  of  the  local 
areas  to  put  together  an  approximation  from  which  calculations  can  be  made. 

We  have  made  a  crude  estimate  of  population  density  distribution, 
derived  from  the  census  numbers  given  In  Reference  I,  which  Is  not  to  be 
taken  too  seriously  but  will  do  in  the  absence  of  more  detailed  studies. 
Table  3  gives  this  estimate  of  the  population  associated  with  various 
densities  for  the  96,000,000  residents  (i960)  of  the  213  urbanized  areas 
which  have  a  population  of  50,000  or  more  in  their  central  cities  (Refer¬ 
ence  1).  This  Table  Is  a  rough  model  of  the  urbanized  areas  In  which  the 
density  of  80,000  per  square  mile  relates  to  Manhattan,  and  the  densities 
of  40,000  per  square  mile  Include  portions  of  Brooklyn,  Bronx,  Queens, 
and  nearby  areas  in  New  Jersey. 


TABLE  3 

ROUGH  POPULATION  DENSITY  MODEL  (I960) 
OF  THE  213  LARGEST  URBANIZED  AREAS 


Density  of  Population,  P  j 
(thousands/sq.m? . ) _ 

80 

40 

20 

15 

10 

8 

6 

5 

u 

3 

2 

1 


Number,  nj,  of  Residents 
(millions) _ 

2 

4 

6 

4 

6 

7 

8 
10 
15 
20 
10 

4 


TOTAL:  N  -  ^  nj  -  96 


The  Results 


If  we  assume  the  distribution  in  Table  3  Is  a  sufficiently  accurate 
representation  of  the  sheltered  populations,  then  we  can  compute  the  cost 
of  sheltering  these  96,000,000  people.  Combining  previous  equations,  the 
formula  for  the  total  cost  of  a  program  is  easily  found  to  be: 

.  _  1/2  1/2 
T  ■  50N  +  20  (-^-)  ^n.  ^ 


(*) 
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The  n.  and  P  ,  for  our  purpose,  can  be  taken  from  Table  3»  and  N  Is  the 
total 'population  to  be  sheltered.  Using  N  =  96  (million),  and  computing 
from  the  Table  above, 

^nj  ^i,/2  =  248  (5) 

we  get  for  the  total  cost  of  a  program  for  these  213  areas: 

T  -  96  x  50  +  ^  -~48- 

/3  1/2 

^4,800  +  (?n  $  millions)  (6) 

Where  @  is  expressed  In  thousands  (e.g.,  use  8,  for  @  =  8,000). 

The  cost,  T,  for  a  national  program  which  shelters  these  213  areas 
depends  on  the  choice  of  @  ;  the  calculations  for  a  range  of  p  s  are 
given  in  Table  4  below. 

TABLE  4 

COST  OF  BLAST  SHELTERS  FOR  213  URBANIZED  AREAS 


Vulnerability,/^  Shelter  Required  (psi)  at:  Total  Cost 

(thousands)  3,000  10,000  30,000  ($  billions) 


1 

_ 45  Q _ 

1500 

4500 

64.8 

2 

225  ! 

750 

2250 

47.2 

3 

150  { 

500 

1500 

39.4 

4 

112  ; 

225 

1120 

34.8 

5 

90 

300 

900 

31.6 

8 

56 

187 

560 

26.0 

10 

45 

150 

_ 559 _ * 

23.8 

15 

30 

100 

300 

20.3 

20 

23 

75 

225 

18.2 

25 

18 

60 

180 

16.8 

30 

15 

50 

150 

15.8 

40 

11 

37 

112 

14.3 

50 

9 

30 

90 

13.3 

60 

7.5 

25 

75 

12.5 

80 

5.6 

19 

56 

11.5 

*The  shelter  requirements  above  the  dotted  line  fall  outside  the  limits  of 
the  assumptions  of  the  model  used  in  this  paper. 
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The  results  from  this  model,  shown  In  Table  4,  Indicate  the  blast 
protection  available  at  various  costs.  Since,  for  an  attack  against 
these  protected  areas,  the  maximum  number  of  blast  mortalities  Is  pro* 
portlonal  top,  the  Table  shows  that  the  blast  vulnerability  can  be  de¬ 
creased  by  a  factor  of  40,  while  the  cost  of  shelters  Increases  roughly 
by  a  factor  of  four.  This  variation  Is  primarily  to  be  attributed  to 
the  form  of  the  cost  function  which  gives  increasing  marginal  returns 
both  because  of  the  fixed  first  term  (50)  and  the  square  root  in  the 
second  term — see  equation  (2).  The  somewhat  surprisingly  low  costs  given 
by  the  model  follow  from  the  population  distribution  function  (Table  3) 
which  shows  the  bulk  of  the  urban  population  at  a  density  of  approxi¬ 
mately  4000/square  mile,  which  was  lower  than  the  "Intuitive"  estimate. 

In  any  event,  the  model  suggests  that  shelter  in  the  urbanized  areas 
which  might  be  deemed  to  offer  "excellent  blast  protection"  can  be 
purchased  at  costs  of  about  $20-40  billion.  For  example,  the  $31.6 
billion  program.  Indicated  by  the  model  for  a  criterion,  -  5,000, 
suggests  (see  problem  3)  that  a  malevolent  attack  of  9,000  megatons 
(900  10-MT  weapons),  directed  against  the  protected  areas  would  be 
limited  to  about  20  million  blest  casualties.  (It  should  be  added, 
though,  that  with  this  criterion  the  program  might  well  be  extended  to 
smaller  towns — perhaps  down  to  those  of  10,000  population.  This  extension 
to  an  additional  20-30  mi  II  ton  people  might  Increase  the  over-all  cost 
from  10-20%.) 

It  was  Indicated  earlier  that  the  maximum  number  of  blast  fatalities 
Is  given  by  the  expression, 

M  -  51  V\/  2/3  (7) 

This  upper  bound  estimate  assumes  perfect  enemy  bombing  (no  misses,  no 
overlaps,  no  part  of  the  lethal  area  over  rivers,  lakes,...)  and  needs 
to  be  modified  to  obtain  a  more  reasonable  estimate.  Clearly  for  suf¬ 
ficiently  large  attacks  the  expression  must  soon  be  grossly  wrong  as 
it  could  be  larger  than  the  total  population.  A  useful  formula  which 
is  equivalent  to  equation  (7)  for  smaller  attacks  but  which  makes  an 
allowance  for  CEP  and  overlaps  is  given  by  the  following  expression  for 
estimating  blast  fatalities 

f  «  n  (1  -  e"^/M )  -  n  (1  -e"^/N)^rWi2/3  )  (8) 

where  N  Is  the  population  ot  risk. 

Applying  equation  (8)  to  the  213  largest  urban  areas  (N  •  96,000,000, 
I960  population)  permits  the  calculation^ of  U.S.  vulnerability  to  be  made 
for  a  range  of  programs  with  different  p.  The  results  of  these  calcu¬ 
lations  are  shown  in  Figure  5  along  with  a  curve  for  the  vulnerability 
of  the  unprotected  population  (Reference  6). 
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Special  Problems  of  New  York 

It  will  be  observed  that  In  many  of  these  programs  the  high  popu¬ 
lation  density  found  In  New  York  City  and  vicinity  requires  extremely 
hard  shelters  ( ?300  psl)  which  In  practice  might  be  constructed  only 
with  great  difficulty,  or  which  could  entail  an  unacceptably  high  cost 
per  space  (greater  thanQ^).  This  requirement  for  New  York  could  be 
somewhat  alleviated  if  a  partial  dispersal  to  prepared  suburban  (or  rural) 
shelters  were  an  integral  part  of  the  program  design  (see  Figure  6).  The 
number  of  people  to  be  so  dispersed  would  depend  upon  the  selected  criteria, 
0^  and  p. 


FIGURE  6 

WHAT  DO  WE  DO  ABOUT  NEW  YORK  CITY? 


These  shelter  programs  would  then  work  best  when  prior  to  an  actual 
population  attack  there  is  a  period  of  strategic  or  tactical  warning  (as 
in  the  Beta-3  or  Gamma  scenarios)  to  enable  such  a  dispersal  to  take  place, 
especially  If  it  is  also  assumed  that  preparations  for  the  movement  are  part 
of  the  civil  defense  program,  it  should  not  be  unreasonable,  In  our 
judgment,  to  estimate  that  with  a  moderate  degree  of  preparation,  boosted 
by  emergency  civilian  mobilization,  that  up  to  seven  million  people  could 
easily  relocate  from  New  York  City  to  the  outlying  suburban  areas  within 
2k  hours  (perhaps  In  less  than  half  that  time),  an  interval  which  could 
be  sufficient  for  many  situations  in  which  population  centers  are  not 
priority  targets  even  after  the  war  has  been  started. 
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Urn! tat  Ions 

I.  Cost  Mr  shelter;  A  reason  for  putting  an  upper  bound  0^,  on 
tha  cost  per  space  Is  that  a  point  may  exist  where  more  lives  can  be 
saved  by  Improving  the  qeneral  level  of  shelter  program  (that  is,  choosing 
a  smaller  criterion,  /O)  and  either  accepting  a  number  of  unprotected 
people  or  providing  them  with  a  dispersal  option.  This  determination  can 
often  be  made  without  excessive  labor  using  cut-and-try  methods  as  subse¬ 
quent  Illustrations  try  to  demonstrate — see  Illustrative  Problems,  especially 
problem  12,  In  Appendix  A. 

Suppose  300  psl  was  the  hardest  shelter  that  could  be  built  because 
of  the  Oncost  limitation .  That  is,  our  policy  was  not  to  spend  more  than 
50  ■*  20  (300)  &  $400  per  shelter  space.  Using  equation  (1),  at  300  psi 

we  obtain  a  limiting  density  of  protected  population,  f*  =  2@.  That 
Is,  the  maximum  density  of  shelter  spaces  would  be  2  (3  per  square  mile. 

If  we  consider  a  program  based  upon  (3  -  8,000,  then  al 1  ^the  cities  will 
be  sheltered  completely  except  those  in  which  P  p.  16,000  exists.  Shelters 
would  be  Installed  in  these,  but  In  areas  where  r/16,000,  the  density  of 
shelter  spaces  provided  would  be  equal  only  to  16,000,  that  is  to  P  . . 

In  our  distribution  (Table  3)  this  would  mean  that  (64/80)  x  2  +  (24/467‘x 
4  ♦  (4/20)  x  6  °  5-1/4  million  people  would  not  be  provided  shelters  in 
their  residential  areas.  Nearly  all  of  these  would  be  from  New  York  City. 
However,  this  300-psi  limit  would  also  reduce  the  estimated  cost  of  the 
complete  program  by  $3.6  billion— a  part  of  which  (it  might  be  argued) 
could  be  used  to  create  a  capability  for  dispersal  of  these  people  to 
shelters  within  or  beyond  the  urban  fringes.  Such  shelters,  say,  at  an 
average  of  $200  per  space  would  cost  $1.05  billion  resulting  in  a  net 
reduction  of  about  $2.5  billion  except  for  the  cost  of  preparations  for 
the  dispersal.  This  national  urban  shelter  program,  then,  including  space 
for  the  potential  evacuees,  would  cost  about  $23.4  billion. 

In  this  example,  with  $  m  8,000,  the  maximum  number  of  blast  mor¬ 
talities,  M  ,  calculated  for  an  optimal  population  attack  in  which  4,000 
megatons  were  directed  at  these  urban  centers  (assuming  200  10-MT,  400 
4-MT,  and  400  l-MT  weapons)  would  be: 

M./3  £w-2/3  “  8000  (200  x  4.64  +  400  x  2.52  +  400) 
i  1 

■  18.7  million 

This  example  is  intended  to  show  how  cost  limitations  upon  shelters 
might  be  compensated  for  by  a  dispersal  program.  Indeed  it  generally 
follows  that,  to  the  extent  dispersal  is  judged  feasible  and  desirable, 
the  costs  of  the  corresponding  shelter  program  would  be  reduced,  since 
for  a  given  /O  ,  the  dispersed  shelters  can  be  made  less  expensive  by 
virtue  of  decreased  hardness  requirements. 
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2.  Blast  mortal ftles:  The  design  of  the  program  is  such  that  for 
a  given  array  of  weapons  deliverable  against  the  213  urban  targets,  the 
number  of  blast  mortalities  the  enemy  can  expect  is  limited  by  program 
design,  as  expressed  by  the  criterion,  P.  The  maximum  number  of  mor¬ 
talities  from  an  array  of  weapons,  Wj  (megatons),  is  estimated  by 

M  -  |S  £  w,  2/3 

‘l 

and  the  total  can  be  quickly  summed.  However,  the  number  of  blast  mor¬ 
talities  would  often  be  expected  to  be  less  than  the  maximum  because 
normal  C.E.P.  variations  can  cause  the  lethal  area  of  some  weapons  to  be 
reduced  because  of  (1)  the  nearby  location  of  a  river,  lake,  ocean,  or 
other  uninhabited  space  (e.g.,  railroad  yards),  and  (2)  the  possib  ility 
of  overlapping  circles  when  the  GZ's  are  sufficiently  close. 

It  is  expected  that  some  minor  erratic  fluctuations  in  population 
density  (which  in  principle  could  be  exploited  by  an  enemy  with  perfect 
targeting)  would  not  present  important  difficulties  because  of  the 
tendency  for  these  variations  to  be  ironed  out  by  the  C.E.P.  of  the 
allocated  weapons . 


Small  Cities  . 

If  the  smallest  weapon  expected  to  be  used  against  U.S.  targets  were 
10  MT  and  the  program  design  had  chosen  (3  *  >5,000,  then  p  Vr'*  ■»  15,000 
x  4.64  =  69,600,  the  maximum  number  of  fatalities  per  weapon.  Therefore 
no  shelter  would  be  required  for  all  urban  areas  of  this  total  population 
or  less,  thus  reducing  the  cost  of  the  program.  Moreover  for  population 
centers  greater  than  this,  but  somewhat  less  than  twice  this  population, 
only  part  of  the  population  would  need  sheltering  (and  Indeed  could  be 
chosen  at  the  fringes  of  the  city  where  the  shelters  would  be  less  ex¬ 
pensive).  If  the  population  of  a  city  were  n  *  69,600  +  q,  then  no  more 
than  2q  shelters  need  be  built  at  the  outer  annular  ring  in  order  to 
maintain  the  criterion,  (3  .  In  an  attack  upon  the  area  the  central  un¬ 
sheltered  population  and  1/2  the  sheltered  might  be  lost  to  a  10-MT 
weapon,  while  at  least  q  would  be  expected  to  survive. 
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In  this  calculation  the  hardness  of  the  shelter  at  a  distance,  r,  from 
the  center  of  the  city  might  be  determined  by  maximum  overpressure  at  a 
distance,  r,  from  a  10-MT  explosion. 

In  practice  this  problem  would  be  somewhat  more  complex  than  stated 
above  but  assuming  knowledge  of  the  enemy's  deliverable  strategic  weapons, 
a  solution  can  often  be  developed  for  particular  cities. 


Shelter  Size 

The  principle  requirement  for  the  number  of  occupants,  n,  of  each 
shelter  is  n«  /3  y  2/3  where  w  is  the  smallest  enemy  weapon  anticipated.* 
If  this  criterion  is  met  the  shelters  cannot  themselves  provide  special 
targets  and  the  enemy  will  see  a  "continuous"  population  distribution. 

For  (3  as  low  as  3,000  and  W  as  low  as  l  MT,  shelters  may  still  be  built 
at  1,000-person  capacities  since  1,000  is  considerably  less  than  P  W  2/3 
®  3,000.  However,  in  this  case,  the  planned  distribution  of  the  shelters 
would  need  to  avoid  Inadvertent  clustering. 


Examples 

In  order  to  illustrate  some  applications  of  the  model,  three  problems 
are  worked  out  in  Appendix  A.  The  first  assumes  a  3,000-MT  population 
attack  consisting  of  300-10-MT  bombs  and  asks  what  shelter  requirements 
are  necessary  to  hold  blast  mortalities  to  within  40  million.  The  second 
problem  also  assumes  a  3,000-MT  attack,  but  one  consisting  of  1,000  3-MT 
bombs,  and  the  same  question  is  asked.  The  third  problem  considers  a 
9,000-MT  attack  (900  10-MT  bombs)  and  requires  a  program  in  which  the 
blast  fatalities  would  not  exceed  20  million.  As  usual,  the  problems 
assume  perfect  fallout  and  f i re  protect  ion  for  those  not  in  blast  areas 
and  that  100%  of  the  urban  population  gets  sheltered.  The  program 
costs  for  these  examples  are  shown  to  be  about  16,  18,  and  30  billion 
dollars  respectively. 


Possible  Errors  In  Using  the  Model 

1.  The  linear  approximation,  P  =  150  P/&  as  was  pointed  out,  was 
an  Intermediate  choice  between  the  optimum  airburst  and  surface  burst 
conditions  (see  Figure  2).  A  somewhat  more  conservative  choice  would 
have  been  the  relationship  P  =  160  P/(3  .  However,  this  would  have 
Increased  the  over-all  costs  shown  In  Table  4  by  no  more  than  3%. 

2.  The  error  in  the  total  program  cost  will  be  directly  proportional 
to  errors  In  estimating  the  cost  of  shelters.  We  have  previously  given 

a  justification  for  the  formula  used  and  hope  that  this  matter  can  be 
clarified  by  further  research.  As  mentioned  earlier,  a  paper  supporting 
use  of  the  formula,  C  =  50  +  20  P'^^,  has  been  published  (see  Ref.  7)* 


«  means  much  less  than. 


HI-361-RR/2 


23 


3.  The  results  are  clearly  sensitive  to  the  distribution  of  urban 
population  in  the  U.S.,  although  from  the  existing  data  it  Is  clearly 
concentrated  in  the  range  of  2-8  thousand  per  square  mile.  An  effort  Is 
underway  to  obtain  a  more  precise  distribution. 

4.  An  Important  defect  Jn  the  calculation  of  the  cost  of  programs 
using  the  smaller  values  of  P  is  the  limitation  of  the  213  urbanized 
areas.  Clearly,  when  /8  is  only  a  few  thousand  per  bomb  It  could  become 
necessary  to  consider  extending  the  program  to  smaller  towns— towns  of 
the  size  of  about  2  /3  .  Consequently,  If  /0  was  chosen  to  be  5*000  and 
the  enemy  v/as  expected  to  use  bombs  of,  say,  three  megatons  or  more,  then 
some  type  of  shelter  program  would  be  involved  with  all  towns  of  10,000 
people  or  more.  This  could  increase  the  number  of  shelters  by  perhaps 

as  much  as  30  or  40%,  although  generally  in  the  lower  cost  shelters* 

In  these  smaller  towns  or  in  rural  areas  where  a  blast  threat  may 
exist  another  option  is  to  plan  tactical  warning  dispersal  to  nearby 
fallout  shelters.  Also,  it  seems  less  likely  that  small  areas  would  be 
very  desirable  targets  when  one  considers  that  not  only  the  population 
mortalities  but  indeed  a  greater  degree  of  property  destruction  would  be 
desired  by  a  malevolent  enemy.  Finally,  tf  the  number  of  these  towns  is 
much  greater  than  the  number  of  enemy  weapons,  a  complete  blast  shelter 
program  may  be  deemed  too  costly  for  the  potential  returns. 

5.  Since  many  cities  and  towns  have  a  natural  capability  for  a 
rapid  dispersal  of  the  population,  some  costs  might  be  saved  by  a  policy 
of  installing  shelters  in  or  beyond  the  urban  fringes.  Thus  the  model 
may  overstate  the  costs  which  would  be  estimated  In  a  real  program. 

6.  In  these  calculations  no  attempt  was  made  to  take  into  account 
the  possible  dual  use  of  shelter  facilities  as  a  cost -reduct l on  measure. 


IMPROVING  THE  MODEL 

Suppose  through  a  C.  D.  blast  shelter  program  we  have  "flattened11 
all  populated  areas  to  reflect  /S  w^'3  maximum  fatalities  per  bomb. 

Then  a  preferred  targeting  for  a  malevolent  enemy  would  be  to  drop  at 
least  one  of  his  weapons  on  each  major  populated  area,  his  goal  being  to 
maximize  property  destruction  as  a  bonus  to  the  expected  fatalities.  He 
may  even  have  a  preference  for  specific  kinds  of  property  (e.g.,  petroleum, 
ports,  military  production,  etc.).  If  we  had  an  acceptable  trade-off 
between  lives  and  property  values,  as  seen  by  us  or  the  enemy  (e.g*,  suppose 
he  deemed  one  life  equivalent  to  $20,000  of  property),  then  our  sheltering 
plan  could  be  reoriented  to  reflect  this  trade-off.  For  some  designs 
the  population  vulnerability  might  be  made  relatively  smaller  than  /3 
in  areas  where  property  damage  is  apt  to  be  greater,  thus  leveling  some¬ 
what  the  combined  value  of  the  target  to  the  enemy  In  terms  of  people 
plus  property.  This  approach  may  only  be  partially  satisfactory,  however, 
because  (1)  any  hypothetical  dollar  value  assigned  to  a  person  by  us  as 
the  enemy's  view  has  a  basically  large  uncertainty,  and  (2)  the  great 
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amount  of  property  destruction  that  a  single  weapon  in  the  MT  range 
can  wreak  is  often  more  than  can  be  compensated  for  by  changes  in  popu¬ 
lation  vulnerability.  That  Is,  using  arbitrary  values  of  l(r*,  or  even 
1()5  dollars  per  life,  the  large  central  cities  are  almost  always  preferred 
targets,  once  the  population  has  been  protected  by  a  moderate  blast  shelter 
program  or  by  an  evacuation. 

It  should  be  a  reasonable  judgement  that  against  a  highly  protected 
population,  (3  =  5*000,  a  malevolent  enemy  would  plan  to  place  at  least 
one  bomb  on  each  city  in  which  he  can  destroy  the  property  as  well  as 
the  p  W^/3  people,  after  which  he  has  the  option  to  target  population 
or  property  with  the  remainder  of  his  weapons.  Because  of  this  consideration 
the  plan  for  population  protection  might  make  the  city  target  somewhat  less 
lucrative  by  reducing  the  criteria,  P,  in  the  central  cities.  That  is 
the  number  of  expected  casualties  can  be  made  less  than  @  W*'3  by  pro¬ 
viding  either  unusually  great  blast  protection  or  evacuating  the  centers, 
or  a  combination  of  the  two.  The  vulnerability  of  population  might  then 
appear  as  shown  In  the  following  figure: 

FIGURE  7 

VULNERABILITY  OF  A  PARTIALLY  EVACUATED  P  OTECTED  CITY 


As  an  illustration,  consider  the  following  hypothetical  plan  for  a 
"Gaussian"  city  of  population  1  million  whose  normal  radius  (95%  of  the 
population)  is  8  miles.  The  original  shelter  plan  was  designed  to  achieve 
a  (3  of  3*000  and  included  the  dispersal  of  some  people  so  that  after  the 
movement  the  city  would  cover  a  500  square  mile  disk  (12.6  mile  radius). 

100  psi  shelters  were  to  be  uniformly  distributed  over  the  disk.  The 
second  plan  kept  the  100  psi  shelters  but  modified  the  disk  into  an  annu¬ 
lus  leaving  the  first  six  miles  in  radius  essentially  empty.  The  outer 
ring  of  the  annulus  then  had  a  radius  of  14  miles.  With  this  configuration 
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an  attacker  using  a  10  HT  weapon  has  the  choice  of  destroying  nearly 
ail  of  the  property  but  none  of  the  people  or  some  of  the  property  end 
some  of  the  people  by  targeting  well  away  from  the  center  of  the  city. 

Clearly  another  way  to  give  some  protection  to  both  the  property 
and  the  people  Is  by  covering  the  central  area  with  active  terminal  de¬ 
fense.  An  effective  active  defense  would  reduce  the  cost  of  the  civil 
defense  portion  of  a  program  with  a  given  (3 .  The  details  of  such  an 
over-all  defense  program  would  require  a  reliable  way  of  estimating  the 
cost  and  effectiveness  of  active  terminal  defense  measures  against  the 
potential  threats,  one  of  the  difficulties  in  such  a  design.  The  next 
section  discusses  one  simple-minded  way  of  adding  active  defense  to  the 
over-all  defense  of  the  population.  More  sophisticated  approaches  will 
be  left  for  a  subsequent  study. 


Active  Defense 

I.  Assume  that  we  could  say  that  "X"  is  the  fraction  of  penetrating 
warheads  which  could  be  expected  against  an  area.  Then  j&  (X)  *  /3/X 
instead  of  the  previous  /3  can  become  the  criterion  for  designing  passive 
protection.  Or  suppose  a  particular  (3  (say,  /3  -  5,000)  Is  a  chosen 
national  criterion  for  blast  protection,  then  l£  we  suppose  that  there  is 
another  limit,  Pmax  *  200  psl  (suitable  for  P  *  6,700),  defended  areas 
where  P>  6,700  can  be  supplemented  by  an  active  defense  calculated  to 
permit  "X”  probability  of  penetration  where  p av  X  ■  6,700.  For  example: 

For  Manhattan  P  /«  80,000,  X  **  15  »084  would  be 

required  of  the  active  defense. 

For  N.  Y.  City  Pav  -  24,600,  /.  X  »  •  .27  would  be 

required  of  tne  active  defense. 

The  problem  of  meeting  such  requirements  for  a  range  of  possible  attacks 
would  have  to  be  solved  by  the  designers  of  the  active-passive  defense 
system. 

Thus  active  defense  can  be  said  to  have  two  protective  roles  in  a 
shelter-oriented  civil  defense  program: 

(1)  Reduction  of  shelter  costs  and/or  dispersal  requirements  for 
the  protection  of  people.  This  is  briefly  discussed  in  the  above 
paragraph . 

(2)  Protection  of  property.  This  Is  our  next  section. 


Protection  of  Property 

Previous  portions  of  this  paper  have  tried  to  show  that  surprisingly 
good  protection  for  population  may  be  feasible  by  use  of  blast  shelters 
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(and  partial  dispersal).  If,  indeed,  it  is  feasible  to  achieve  = 

2,000  in  a  C.O.  program  then,  the  prospects  of  using  active  defense  for 
the  same  reduction  of  vulnerability  are  relatively  poor  indeed,  since  its 
over-all  effectiveness  in  large  cities  would  need  to  reduce  the  enemy 
threat  against  population  by  more  than  a  factor  of  100  to  perform  with 
comparable  effectiveness,  even  assuming  the  existence  of  10  psi  shelters 
in  these  cities.  Currently,  no  such  effectiveness  seems  to  be  within 
reach . 

However,  the  shelter  program  for  protecting  the  urban  people  has  no 
parallel  capability  for  protecting  urban  property,  the  possible  loss  of 
which  raises  the  great  question  of  the  viability  of  the  postattack  economy. 
In  this  context  the  role  of  active  defense  could  prove  to  be  crucial. 

Even  a  "poor*1  act i ve  defense  could  save,  say,  from  5*20%  of  the  urban 
property  in  an  important  subset  of  the  range  of  possible  wars  in  which  a 
hundred  or  more  weapons  are  allocated  to  a  countervalue  phase. 

Consider,  for  example,  a  general  war  which  escalates  out  of  a  period 
of  prolonged  international  crises,  though  neither  side  "intended  it  to 
happen."  The  first  exchanges  of  the  war  are  directed  at  military  targets 
only  until  nearly  all  the  forces  on  both  sides  are  spent  or  attrited  ex¬ 
cept  the  submarine  missiles  and  a  few  "sick"  residual  land-based  missiles. 

If  these  remaining  weapons  were  to  be  used  countervalue,  then,  in  the  late 
sixties  and  early  seventies,  we  could  anticipate  the  possible  destruction 
of  several  hundred  urban  centers,  including  all  the  major  cities,  many  of 
which  possibly  would  have  been  targeted  by  only  one  or  two  bombs.  If  now 
we  assume  the  existence  of  an  ABM  defense  able  to  attrit  20-50%  of  the 
incoming  missiles,  we  might  expect,  say,  10-20%  of  the  property  within  the 
urban  areas  to  survive  undamaged  including,  perhaps,  a  few  of  the  50  largest 
cities.  This  surviving  property  could  make  a  tremendous  difference  to  the 
country,  postattack.  Indeed  if  the  utility  of  urban  property  postattack 
were  measured  against  the  surviving  fraction,  the  curve  would  probably 
have  the  following  kind  of  form. 


The  figure  indicates,  as  an  illustrative  estimate,  that  the  first  10%  of 
the  surviving  property  could  be  worth  as  much  as  the  next  90%.  On  this 
postattack  utility  basis  then,  the  over-all  effectiveness  of  an  active 
defense  system  is  much  increased  even  if  on  the  I i near  basis  of  probability 
of  killing  incoming  warheads,  the  system  might  look  weak  or  uncertain. 


Cost  of  Dispersed  Blast  Shelter  Programs 


The  calculations  up  to  this  point  have  all  assumed  that  the  popu¬ 
lation  is  essentially  stationary  and  that  the  shelters  are  built  where 
people  normally  reside  (except  possibly  for  the  overflow  where  we  relocate 
people  from  areas  where  it  is  undesirable  to  build  shelters  of  the  required 
quality,  and  we  use  a  partial  dispersal  to  avoid  creating  preferred  tar¬ 
gets).  We  now  wish  to  estimate  the  vulnerability  of  the  population  and 
the  cost  of  three  alternative  designs  which  increasingly  utilize  the  option 
of  movement  to  dispersed  blast  shelters. 

By  arbitrary  assumption,*  our  model  permits  the  maximum  of  an  80% 
movement  from  any  locality  in  the  three  cases  considered.  In  Case  A, 
wherever  the  local  population  density  in  an  urbanized  area  is  above  4,000, 
a  dispersal  Is  planned  which  will  move  the  excess  people  to  shelters  ex¬ 
ternal  to  the  urbanized  area.  The  population  density  in  the  sheltered 
reception  areas  will,  by  assumption,  be  4,000  people  per  square  mile,  the 
same  as  the  maximum  left  in  the  cities  (except  in  the  relatively  few  in¬ 
stances,  however,  where  the  80%  limitation  leaves  more  than  a  4,000  density 
in  some  areas).  Case  B  will  be  similar  to  Case  A,  except  that  the  cities 
will  be  dispersed  down  to  2,000  per  square  mile,  but  not  in  excess  of  80%, 
and  the  evacuees  will  be  relocated  in  the  surrounding  areas  where  their 
density  will  be  2,000  per  square  mile.  Finally  Case  C  has  a  similar  plan, 
except  that  the  dispersal  is  down  to  a  level  of  1,000  people  per  square 
ml  le. 


To  obtain  a  physical  picture  of  what  the  relocated  population  dis¬ 
tribution  might  be  for  Case  C,  one  can  imagine  a  city  of  1  million  people 
which  (not  atypical ly)  might  have  an  average  population  density  of  6,000 
people  per  square  mile  (including  the  urban  fringe).  After  dispersal  to 
shelters,  the  people  have  been  spread  out  over  an  area  about  6  times  Its 
former  size,  an  area  of  1,000  square  miles,  which  is  equivalent  to  a  disk 
about  18  miles  in  radius. 

Table  5  shows  the  density  distribution  of  people  from  the  213  urban¬ 
ized  areas  after  the  assumed  dispersal  has  been  completed  for  each  of  the 
three  cases  above.  It  will  be  noticed  that  the  maximum  density  of  popu¬ 
lation  becomes  16,000  per  square  mile;  it  represents  Manhattan,  80% 
evacuated.  The  Table  (based  upon  the  normal  distribution  assumed  in  Table 
2)  shows  that  the  number  of  people  who  would  be  involved  in  movement  In 
the  three  cases  are  approximately  24,  48,  and  67  million  respectively. 


•This  Is  to  allow  for  maintenance  of  minimum  urban  operation,  recalci- 
trants,  operational  blunders,  essential  industries,  etc. 
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TABLE  5 

Population  and  Density  of  Urbanized  A.eas  After  Dispersal 


Population,  nt  (mill  Ions) 


Case  A 

Case  B 

Case  C 

16 

.4 

.4 

.4 

8 

.8 

.8 

.8 

4 

60.8 

1.2 

1.2 

3 

20.0 

.8 

.8 

2 

10.0 

88.8 

1.2 

1.6 

— - 

— 

1.4 

1.2 

— 

— 

1.6 

1.0 

4.0 

4.0 

88.6 

1*1  a"1 

177.2 

136.6 

102.5 

No.  of  people 

moved  (millions) 

24.4 

48.4 

67.2 

Using  our  previous  estimates  of  costs  for  shelter  spaces,  the  next  table 
shows  the  results  of  the  calculation  of  the  program  cost  for  the  96 
million  people  of  the  urbanized  areas.  In  each  case  the  cost  is  calcu¬ 
lated  for  a  number  of  values  of  the  vulnerability  criterion,  p,  vary¬ 
ing  from  1,000  to  40,000.  The  total  cost  Is  taken  from  the  formula: 

T  “  4800  +  ]jfr/s  £  \  ft  1/2 

TABLE  6 


Estimated  Cost  of  Dispersed  Blast  Shelters 
for  213  Urbanized  Areas  (96.000.000  people) 


Total  Cost  in  Billions  of  Dollars 


(3  (000) 

Case  A 

Case  B 

Case  C 

1 

48.2 

38.3 

29.9 

2 

35.4 

28.5 

22.5 

3 

29.8 

24.1 

19.3 

5 

24.2 

19.8 

16.0 

10 

18.5 

15.4 

12.7 

20 

14.5 

12.4 

10.4 

40 

11.7 

10.1 

8.8 

COST  IN  BILLIONS 
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It  will  be  noticed  from  Table  6  (or  better  from  Figure  8)  that  for 
a  program  of  a  given  cost  the  vulnerability  estimate  is  decreased  by 
about  a  factor  of  3  over  the  earlier  case  (Table  4)  by  dispersing  down 
to  a  level  of  2,000  people  per  square  mile,  or  ts  reduced  by  about  a 
factor  of  5  by  dispersing  to  1,000  people  per  square  mile  (each  case 
with  the  local  limit  of  80%  evacuation). 

-  Also,  as  Table  6  or  Figure  8  show,  some  "very  respectable"  programs 
( p  ■  5>000  to  10,000)  can  be  achieved  by  use  of  this  dispersal  technique 
for  the  relatively  "small"  budgets  of  12  to  16  billion  dollars.  The 
strategic  Justification  for  the  feasibility  of  planning  protective  action 
requiring  partial  dispersal  has  been  argued  elsewhere  (Ref.  3(4)  and  will 
continue  to  be  examined  by  the  Institute. 


Overcrowding  Options 

The  curves  shown  in  Figures  5  and  8  thus  Indicate  the  costs  and  the 
degree  of  blast  protection  which  can  be  achieved  by  utilizing  a  blast  shelter 
oriented  civil  defense  program.  Even  these  numbers  can  be  Improved  sub¬ 
stantially  (by  a  factor  of  2  or  more)  by  sacrificing  some  "comfort."  This 
could  follow  if  the  shelters  which  have  been  described  and  for  which  the 
costs  have  been  estimated  are  in  some  sense  unnecessarily  "luxurious" 

(or  Insufficiently  austere)  In  concept.  For  example,  the  space  generally 
allotted  in  shelters,  depending  on  design,  has  ranged  from  7  1/2  to  10 
square  feet  per  person.  A  current  paper  (Reference  8)  attempts  to  show 
that  the  space  requirements  assumed  in  these  estimates  can  easily  be 
reduced  50%  and  in  some  cases  even  more,  without  taking  any  undue  risks 
with  the  survivability  of  the  occupants.  That  is,  if  wa  were  willing  to 
tolerate  a  degree  of  "over-crowdedness"  which  might  be  unpleasant  (but 
not  lethal),  then  we  could  cut  the  cost  per  shelter  space  by  a  factor  of 
2  or  more.  Again,  stated  the  other  way,  assuming  a  given  budget,  it  would 
be  possible  to  achieve  a  much  greater  degree  of  protection  by  planning  a 
smaller  space  per  person.  As  an  example,  If  one  asked  what  degree  of 
protection  could  be  achieved  in  the  urbanized  areas  with  $10  billion,  one 
could  start  with  the  maximum  dispersal  posture.  Case  C  of  Figure  8,  which 
has  a  Beta  of  21,000.  But  planning  to  use  an  over-crowding  option  with 
this  same  budget  would  permit  the  construction  of  only  half  as  many  (or 
even  fewer)  higher  quality  shelters,  and  thus  could  achieve  the  lower 
vulnerability  of  a  $20  billion  program  (or  more),  which  is  a  Beta  of  2,800 
(or  less).  Finally,  the  effectiveness  of  a  $10  billion  dispersed  and 
overcrowded  design  can  offer  more  blast  protection  than  the  $^0  billion 
program  shown  In  Figure  5  (which  has  a  vulnerability  criterion  of  3(000). 

Figure  9  compares  the  performance  of  two  overcrowded  programs  with 
two  of  the  non -overcrowded  ones  of  Figure  8.  It  was  assumed  in  preparing 
this  figure  that  5  people  can  crowd  into  the  space  normally  allocated  for 
2  with  no  significant  increase  in  cost.  (See  reference  8.) 
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CONCLUSIONS 

1.  Within  the  limitations  of  the  model  described,  this  report 
argues  that  a  blast  shelter  program  can  be  constructed  which  will  provide 
very  substantial  protection  for  the  U.S.  population  against  moderate  or 
even  large  nuclear  attacks  (1,000  to  10,000  MT)  directed  against  popu¬ 
lation  centers. 

2.  For  the  same  cost  of  shelters,  the  blast  vulnerability  can  be 
decreased  by  a  factor  of  5  by  urban  dispersal  to  a  density  of  1,000  per 
square  mile  or  by  a  factor  of  about  3-5  by  a  dispersal  to  a  density  of 
2,000  per  square  mile. 

3.  For  the  same  cost,  reductions  in  vulnerability  up  to  about  a 
factor  of  5  seen’  available  by  "overcrowding"  the  shelters,  i.e.  changing 
the  allowable  space  allotment  to  approximately  3  or  4  square  feet  per 
person. 

4.  The  shelter  costs  of  such  programs  are  In  the  range  of  5-40 
billion  dollars  for  nationwide  protection  involving  between  100  and  1 50 
million  she  1  ter  spaces  . 
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Appendix  A 

ILLUSTRATIVE  PROBLEMS 


Alternative  Shelter  Systems  for  96  Million  People  In  213  Urbanized  Areas 

Problem  I:  Assume  threat  Is  300  10-MT  bombs 

I 

Case  A 

Assume  maximum  mortalities  allowable:  40,000,000  or  133*000  per 
10-MT  bomb.  Since  102/3=  4.65  P  -  133,000/4.65  -  28,800  and 
from  Table  4,  the  program  cost  Is  approximately  16.0  billion. 

Assume  $400  per  shelter  space  is  asprogram  limit.  Then  P  ■  300  psl 
from  C  -  50  +  20  PI/Z. 

From  P  ■  150  P/@t  300  psl  Is  sufficient  for  P  •  58,000. 

•  *.  all  places  except  1/4  of  Manhattan  (r^l/2  million  people)  can 
be  sheltered. 


Solution: 

1)  Put  300-psI  shelters  In  Manhattan  for  3/4  of  Manhattan  population. 
Either  leave  1/4  to  fate  or  plan  to  relocate  balance  of  ro\H 
million  Manhattanites. 

2)  All  other  shelters  are  <.210  psl. 

3)  Saving  over  the  full  protection  In  Manhattan  requiring  harder 

(^400  psl)  shelters:  2M  (450-396)  -  $100  Million.  (Thus 

If  the  cost  equation  Is  correct  one  might  Ignore  the  optimization 
procedure  and  just  put  400-ps!  shelters  in  Manhattan.) 

4)  Total  program  cost  *  $15.9  billion  ($16.0  billion  If  400-pst 
shelters  in  Manhattan). 

5)  If  we  wish  to  rely  on  the  assumptions,  then  the  cost  Is  over¬ 
stated,  since  urban  centers  whose  populations  are  less  than 
133*000  would  need  no  blast  shelters  (est.,  10  million  people 
and  about  $1.3  billion). 
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Case  B 

Assumed  =  $250  (100-psi  shelters) 

1)  1 00-ps I  shelters  are  sufficient  for  population  densities  of 
20,000  or  less,  which  Is  everywhere  except  Manhattan,  Brooklyn, 
Bronx,  and  possibly  central  parts  of  a  few  eastern  cities  such 
as  Chicago  and  Philadelphia.  Roughly  3~t/2  M  people  would  need 
to  be  relocated  or  left  to  fate  (see  Table  3). 

2)  Program  cost  with  relocation  to  100-psI  shelters  will  be  as 

above  with  a  saving  of  about  2  x  (400-250)  +  4  (330-250)  $600 

million.  Therefore  total  cost  ^  $15.3  billion. 

3)  Cost  Is  again  overstated  by  about  $1.3  billion  for  reason  given 
In  Case  A,  that  (\j  I0M  people  in  smaller  urbanized  area  would 
require  no  sheltering. 


Prob l em  2 :  Assume  1000  3-^  bombs.  @  maximum  fatalities  allowable 
40 ■  000/bomb  /.  &  &  20 . 000 .  ~  ” 

Case  A;  Assume  C>£  =  $400  — P  ^  300.  ps I 

1)  This  Is  adequate  for  P  -  40,000,  for  all  of  U.S.  except  1  M 
Manhattanites  (presumed  relocated  to  $400  shelters  In  urban 
fringe).  Saving  in  Manhattan  Is  2  x  (550-400)  «  $300  million. 

2)  program  cost  (see  Table  4)  Is  18.2  -  .3  «=  $17.9  billion. 

Case  B:  Assume  ■  $250  — ^P  ^  100  psl 

1)  This  Is  adequate  for  P  *  1 3 *300 

2)  From  Table  3»  number  of  people  above  13,300  density^  7  million. 


Variation  #1 :  Relocate  the  above  "n"  people  to  100-psI  shelters. 
Using  equation  (4)  and  modifying  Table  3  to  reflect  the  relocation, 
we  obtain  the  total  cost, 

T  »  4800  +  (45/(20)l/2)  x  223  *  4.8  +  12.2  =  $17.0  billion 

This  shows  a  savings  of  about  0.9  billion  over  Case  A,  If  suburban 
shelters  are  built  for  the  7  million  people. 
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Variation  #2:  Leave  n  people  to  fate.  Then  (assuming  n  -  7  million) 

a)  The  attack  will  have  40  +  n  m  47  million  mortalities 

b)  Costs  saved  *  7  x  250  ■  $1 ,7B 

c)  Program  cost  Is  $15. 3B. 

Variation  #3:  Leave  n  people  to  fate,  but  decrease  to  16,000 
(or  33*000  3 -MT  bombs)  and  buy  shelters  up  to  P  ■  1 3 »300 ,  thereby 
maintaining  40  million  maximum  fatalities. 

a)  Maximum  P  ■  125  psl  (at  P  »  13.300) 

b)  Program  cost  T  -  4000  4-  245  x  (l  74/(13 .3)  *'2 3)  ■  $16.5B 

This  Is  a  savings  of  $.5B  over  Variation  #1. 


Problem  3:  Assume  9.000  MT  attack  (900  10-MT  bombs) 

Criterion:  20  M  casualties  — ►22,000/10-MT  bomb,  000. 

Program  cost  with  no  0C  limit  Is  $3 1 .6B  (see  Table  4). 

Assume:  0<C  “  $475.  then  P  ^  450  psl. 

1)  Shelters  available  for  all  ^  15.000;  therefore  shelters  can 

be  constructed  for  all  except  a/  5.6  million  people  out  of  a 
total  of  12  million  in  the  most  congested  metropolitan  centers. 

2)  Relocate  the  5.6  million  above  to  suburban  shelters  at  $475  per 
space. 

3)  Program  cost  -  31.6  -  8.3  +  5.7  ■  $28. 0B. 

(Where  8.3  billion  Is  cost  of  shelters  for  12  million  people  In  the 

most  dense  areas,  If  noC>C-||mlt  exists.) 
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Appendix  B 

LINEAR  COST  FUNCTIONS 


Figure  3  shows  that  certain  alternative  cost  estimates  on  a  linear 
scale  might  have  been  used  for  estimating  the  cost  of  individual  shelter 
spaces.  While  it  is  our  judgment  that  these  linear  relationships  are 
generally  less  satisfactory  than  t he  chosen  square  root  curve,  especially 
at  either  the  low-cost  end  or  the  high -cost  end,  nevertheless  it  mi  ght 
be  useful  to  make  a  comparison  of  national  program  costs  based  upon  these 
curves . 

The  general  linear  relationship  for  cost  per  shelter  space  is  given 
by  the  equation:  — 

C  =  A  +  bp 

-  A  +  b  (150  P/&  ) 

The  relationship  for  the  cost  of  a  national  program  involving  only  the 
213  urbanized  areas  is  given  by  the  equation: 

T  =  AZ  ni  +  150  b//^  £ni  Pi 

l  L 

Making  use  of  Table  3  we  obtain, 

T  B  NA  +  150  b/fi  n.  f*. 

=  NA  +  128,750  b/jS 

Using  this  formula  we  can  now  calculate  the  costs  of  the  programs  associ¬ 
ated  with  the  five  linear  curves  of  Figure  3.  These  results  are  given 
in  Table  7  below. 
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TABLE  7 

Program  Cost  Using  Linear  Shelter  Cost  Functions 


0 

(1) 

_  (2) 

(3) 

(4) 

(5) 

(6) 

mm 

83.6 

102.2 

111.0 

108.6 

139.3 

64.8 

2,000 

51.4 

59.8 

62.8 

76.4 

75.0 

46.2 

3,000 

41.2 

45.4 

46.6 

54.9 

53.5 

39.4 

5,000 

32.1 

34.0 

33.7 

37.8 

36.4 

31.6 

10,000 

25.6 

25.4 

24.1 

24.9 

23.5 

23.8 

20,000 

24.3 

21.2 

19.2 

18.4 

17.0 

18.5 

40,000 

21 .8 

19.0 

16.8 

15.2 

13.8 

14.3 

80,000 

20.0 

17.9 

15.6 

13.6 

12.2 

11.6 

(1)  C  «  200  +  1/2  P 

(2)  C  -  175  +  2/3  P 

(3)  C  =  150  +  3/4  P 

(4)  C  »  125  +  P 

(5)  C  »  110  +  P 

(6)  C  =  50  +  20  \TT 
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